Abstract-Image registration is a basic problem in image processing, which is widely applied in the field of target tracking, stereo matching, scene recognition etc. For its diversity and complexity, registration algorithm still exists several problems in the speed and accuracy at present. Therefore, a fast sub-pixel algorithm of image registration based on block processing and iterative improvement is proposed, in which improves the registration speed greatly with accuracy on a good condition. The validity and superiority of the algorithm is proved by the running result based on actual experiment data.
INTRODUCTION
With the rapid development of data acquisition and calculation performance, computer vision has become a research hotspot. As a basic problem in computer vision, image registration has been widely concerned as well. Image registration is the process of overlaying images of the same scene obtained from different times, viewpoints, or sensors. It has widely application requirements in the field of video monitoring, military reconnaissance and target tracking.
According to the data granularity of registration, image registration methods can be roughly divided into regionbased and feature-based. Region-based method, which determines the relationship of image via correlation metrics, has a large computation and poor robustness. Feature-based method, which measures the similarity of the images by the features, has a low computation and high stability. Therefore, feature-based method has been study more with emphasis on edge and corner feature. In the corner feature, Zhang et al [1] achieve optimal match by optimizing the distance function between two feature point sets. Mikolajczyk et al [2] realize matching using descriptors of feature point. In the edge feature, Yang et al [3] complete image registration through edge extraction and chain code correlation. Dai et al [4] achieve regional similarity registration by boundary optimization. Comparatively speaking, corner-based method has more applications due to the characteristics of easy operation and good robustness. However, it still exists problems in inaccurate extraction and long time consuming, which limits practical application. Therefore, further improvemets need to be done to meet practical requirements.
II. ALGORITHM ANALYSIS
The familiar corner-based algorithms mainly consist of the following steps [5] , corner extraction, feature matching, transform model estimation, image resampling and stitching. Nevertheless, current registration method still exists several problems in speed and accuracy. Two main reasons can be explained as follows: on the one hand, pixel-based and sub-pixel-based methods are commonly used in the corner extraction. Pixel-based is fast but inaccurate, while sub-pixel-based is accurate but slow, so the speed and accuracy can't be effectively balance. On the other hand, in the process of model estimation, RANSAC algorithm, which performs better in reliability, stability and robustness, is frequently used to remove false feature point. However RANSAC algorithm has relatively strong dependence on the performance of corner extraction, thus too many corners or inaccurate extraction will directly influence the speed and precision of it.
To solve these problems, this paper proposes an improved fast sub-pixel algorithm of image registration. The algorithm combines high speed of pixel-level with high accuracy of sub-pixel and improves the RANSAC algorithm on purpose, which greatly increases the velocity of calculation with accuracy reserved. The main steps are as follows: firstly, image is separated and a certain number of points in each region are extracted by Harris. Coarse matching is achieved by computing RANSAC transform matrix with the corner sets. Calculating the matching degree so as to screen matching point. Then, aiming at the obtained sub-pixel point sets, accurate matching is achieved with RANSAC computed. Finally, using bilinear interpolation for image resampling and completing stitching. The algorithm flow is shown in Fig .1 . spread uniform. Harris and Sift are commonly used methods in corner detection. Harris is simple, fast but inaccurate, while Sift is precise but time-consuming. Here we only need roughly extraction, Harris is more desirable.
A. Corner detection
Harris corner [6] is mainly obtained from curvature variation of image edge. By computing the variation of mean grey degree in different directions, the algorithm calculates the corner response function (CRF) and obtains concrete position via non-maximum suppression. The 2x2 symmetric matrix M to which is refer in CRF calculation is given by The point is regarded as a corner if both eigenvalues are high, and the CRF is defined as
represents trace of M, k ranges from 0.04 to 0.06. When the CRF value of the target pixel is greater than a given threshold, the pixel is a corner.
B. Rough matching of image 1) Initial RANSAC matching
Supposing the two image point sets which are obtained from Harris are
respectively. Using the sum of squared differences (SSD) method to complete coarse matching, which is achieved by taking a square window of size of w around the pixel of interest in the reference image 1 I and finding the homologous pixel within the window in the target image 2 I , taking the minimum value as the matching point of i p in image 1 I . The point sets which is obtained from SSD still exist mismatch. Taking RANSAC to eliminate mismatch, and estimate transformation which can be replaced by a 33  homography matrix of H between the two images with the steps as follows: a) Randomly select 4 groups of feature point pairs, estimate H. b) Take the remaining points into matrix H and calculate the error, the feature points pair is regarded as inlier when the error below the threshold which is settled, otherwise it will be outlier.
c) Repeat steps a) ~b) for a prescribed number of iterations and preserve the outliners of maximum numbers. 
in which  and  are very small positive. Choosing matching points lower than a settled threshold with at least three pairs ensured in each region. 
C. Accurate matching of image
In order to improve matching degree, Zernike moments [7] which have better effect are adopted for subpixel corner in this algorithm. Supposing the center of unite circle is at a pixel with image edge pass by that circle, and then an ideal step edge model is established, shown in Fig .3 (a) , in which k is the step height, h is the background gray level, l is the perpendicular distance from edge to the center and the edge makes an angle of  with respect to x-axis. Rotating the image by an angle  , it will be aligned parallel to y-axis with shown in Fig .3  (b) . The slide profile of the ideal step model after rotation is ladder-like, as is shown in Fig .3(c) . 
Referring to (5), we can further calculate
Then we can acquire the coordinate value of the subpixel (x , y )
With the obtained sub-pixel corner, images are divided once again and complete the precise image matching by RANSAC algorithm.
D. Image resampling and stitching 1) Image resampling
After the transformation is solved, image resampling is needed to be done which is the process of transforming a match image from one coordinate system to another. The inverse gridding approach is used to allocate a pixel's position in the original image, and the pixel value is calculated by interposition technology. Because the pixel is likely to not be integer after inverse gridding, bilinear interpolation is needed to calculate the value with the integer coordinates around the pixel. Supposing the four nearest points around the mapping pixel are (i, j)
A , 
then get (x', y')
2) Image stitching After completing image resampling, the reference image and origin image are in the same coordinate system, then if you take information from a single image or simply superimposing pixel values of the overlapping area, obvious gap will exists in the stitching region. In this paper, the weighted average method is taken to eliminate these joints. Each of the corresponding pixels in the two images is multiplied by a weight coefficient and then added to the fusion image. Let the weight coefficient be  , and the fusion image can be written as The above experimental results show that the given algorithm is feasible and its performance is excellent. Except that, two groups of experiment are given for validating the algorithm performance.
2) Corner detection test
We compare the improved method which is proposed in this paper with the classical Harris method. The following results are shown in Table 1 Table 2 , the registration time of the algorithm in this paper is greatly improved 77% and the accuracy of measurement can reach sub-pixel level. Therefore, the improved proposed in this paper has been greatly improved the efficiency of the algorithm. 
V. CONCLUSION
In view of the deficiency of traditional registration algorithm in speed and accuracy, this paper puts forward a fast sub-pixel algorithm of image registration with image blocking and sub-pixel corner detection technology which are aiming at the improvement of these problems. The experimental results show that the proposed method can improve the speed of image registration with much less computational cost and it's effective and feasible.
